Objective. To examine whether Massachusetts (MA) health reform affected substance (alcohol or drug) use disorder (SUD)-related hospitalizations in acute care hospitals. Data/Study Setting. [2004][2005][2006][2007][2008][2009][2010] MA inpatient discharge data. Design. Difference-in-differences analysis to identify pre-to postreform changes in age-and sex-standardized population-based rates of SUD-related medical and surgical hospitalizations, adjusting for secular trends. Data Extraction Methods. We identified 373,751 discharges where a SUD-related diagnosis was a primary or secondary discharge diagnosis. Findings. Adjusted for age and sex, the rates of drug use-related and alcohol use-related hospitalizations prereform were 7.21 and 8.87 (per 1,000 population), respectively, in high-uninsurance counties, and 8.58 and 9.63, respectively, in low-uninsurance counties. Both SUD-related rates increased after health reform in high-and low-uninsurance counties. Adjusting for secular trends in the high-and lowuninsurance counties, health reform was associated with no change in drug-or alcoholrelated hospitalizations. Conclusions. Massachusetts health reform was not associated with any changes in substance use disorder-related hospitalizations. Further research is needed to determine how to reduce substance use disorder-related hospitalizations, beyond expanding insurance coverage.
future national coverage expansions might affect access to and use of substance use disorder treatment. Other policy initiatives that increased substance use treatment budgets, and hence had the potential to improve access to care, occurred following the implementation of MA health reform. For example, funding for treating substance use disorders came from increases in the budget of the MA Bureau of Substance Abuse Services, the federal Substance Abuse Prevention and Treatment Block Grant, and state general appropriations (NASADAD 2010) . In 2006, state and federal monies were earmarked for substance use treatment in order to address increased demand for services created by expanded insurance coverage. According to Capoccia et al. (2012) , in fiscal year 2009, the MA Bureau of Substance Abuse Services spent about $125 million for addiction prevention and treatment. The federal Substance Abuse Prevention and Treatment Block Grant provided $35 million dollars of this money, while a state appropriation provided $90 million for uncovered services and to treat the uninsured.
A prior study (Meara et al. 2014 ) focusing on young adults in MA age 19-25, a group with high behavioral health needs and low rates of insurance coverage prior to reform, found that there was a significant decline (relative to other states) in inpatient admissions and emergency department visits for substance use disorders. However, in a mixed-methods study, Capoccia et al. (2012) documented that utilization of substance use disorder treatment services did not increase 2 years after the MA reform. In the study, the percentage of uninsured patients with substance use disorders in MA remained high. Further, Capoccia et al. (2012) found that large copayments for substance use disorder treatment were a barrier to obtaining treatment.
Prior studies have not examined changes in acute care medical and surgical discharges for substance use disorder-related conditions (as either a primary or secondary diagnosis) among adults under the age of 65, who were most affected by MA health reform. We evaluated whether the insurance expansion had differential effects on substance use disorder-related acute medical and surgical hospitalizations according to geographically varying baseline uninsurance rates within MA, among adults age 18-64. We performed the analysis on regions with geographically varying baseline uninsurance rates in order to isolate the population most affected by health reform: previously uninsured individuals who gained insurance under the reform.
We hypothesized that MA health reform would result in a small decline in substance use disorder-related acute hospitalizations. Our prior work examining the impact of MA health reform on access to outpatient care has shown slight improvements or no change in a number of other outcomes following reform, including 30-day readmission (Lasser et al. 2014) , hospitalizations for ambulatory care-sensitive conditions , and procedure use ). In the current study, we consider acute hospitalizations for substance use disorder-related diagnoses to be ambulatory care sensitive (i.e., such hospitalizations are potentially preventable with good access to outpatient care [Bindman et al. 1995; Stryjewski et al. 2014] in this case, substance use disorder treatment). We anticipated that, as with these other outcomes, insurance expansion would prove to be a necessary but insufficient factor to produce substantial improvements in substance use disorder-related outcomes. Simpson's conceptual framework for drug treatment process and outcomes (Simpson 2004) highlights the importance of patient attributes (readiness and addiction severity) and program attributes (resources, staff, and climate) that are necessary to promote engagement in treatment and recovery. In addition, social support systems are needed to sustain recovery. MA health reform would have affected neither patient nor program attributes nor social support systems. Thus, we would expect only a modest impact of MA health reform on substance use disorder-related acute hospitalizations.
METHODS

Design Overview
To examine MA reform's effects on substance use disorder-related hospitalizations, we compared changes in population-based rates of such hospitalizations among adults age 18-64 residing in counties with high versus low baseline uninsurance in the prereform period. We used a difference-in-differences design to identify the postreform change adjusted for secular changes unrelated to reform (e.g., differences between two groups, over time) (Hanchate et al. 2012; Joynt et al. 2012; Sommers, Baicker, and Epstein 2012; Dimick and Ryan 2014) .
The difference-in-differences method is often used to estimate the impact of a policy intervention (e.g., health reform) on an outcome (e.g., hospitalization where a substance use disorder-related diagnosis is a primary or secondary discharge diagnosis) by computing a double difference. One difference is over time (before-after) and the other is across subgroups of reform beneficiaries (MA residents age 18-64 in high-vs. low-uninsurance counties prereform) (Ryan, Burgess, and Dimick 2015) . Because preintervention trends in the outcome variable and characteristics that may be associated with changes in the outcome variable may differ between groups, it is necessary to control for these factors to isolate the change associated with health reform.
Data
We used all-payer inpatient discharge data from MA (Boston: Division of Health Care Finance and Policy 2009). These data include all non-federal short-term acute care hospitals; inpatient psychiatric and addiction treatment facilities are not included in the dataset. Using 2004-2010 data, we examined adult acute medical and surgical hospitalizations with a primary or secondary discharge diagnosis associated with a substance use disorder (drug-or alcoholrelated conditions). We excluded discharges with a primary obstetrical diagnosis, as pregnant women were largely insured in MA prior to and following reform (Hyams 2010) . We used median zip code income from 2000 Census data to infer patients' socioeconomic status, the latest year for which zip codelevel estimates are available prior to the study baseline period (2004) (2005) (2006) (Fiscella and Franks 2001) .
Definition of Pre-and Postreform Periods
We examined hospital discharges for 36 months (1/1/2008 to 12/30/2010) following the MA mandate for health reform ("postreform" period) and contrasted it with the 21 months (10/1/2004 to 6/30/2006) preceding reform ("prereform" period); we also examined changes during the transition period (7/1/2006 to 12/31/2007), when elements of the reform were phased in gradually.
Measures
Our primary outcome was the change in the rate of substance use disorderrelated hospitalizations (number of hospitalizations per 100,000 population) from the pre-to postreform period adjusted for secular changes unrelated to health reform (separately for drug-and alcohol-related discharges). The denominator of this outcome was the county population size within the age group of interest (18-64). In the difference-in-differences analysis, we measured the reform-associated change in hospitalization rate in the 18-64 age group residing in high-uninsurance counties (prereform), treating the sameage group adults residing in low-uninsurance counties as controls. We dichotomized MA's 14 counties into two groups of seven counties based on their 2005 uninsurance rate (>11.7 percent uninsured vs. ≤11.7 percent uninsured).
We employed AHRQ's Clinical Classifications Software (CCS), which uses ICD-9-CM diagnosis codes, to identify substance use disorder-related diagnoses (Table S1 ) (Heslin KC) . The primary diagnosis is that condition identified to be chiefly responsible for the patient's hospital admission. Secondary diagnoses are concomitant conditions that coexist at the time of admission or develop during the hospitalization.
Analysis
We aggregated counts of substance use disorder-related hospitalizations by area (county), time (quarter) and patient demographics (sex, age). With 14 counties, 25 quarters, three age groups, and two sex categories, our analytic data consisted of 2,100 observations. Using the census population for each cohort, we obtained the rate of substance use disorder-related hospitalizations per 1,000 population, the primary outcome measure for our analysis. In accordance with the difference-in-differences specification, we estimate a linear regression including dichotomous indicators (1/0) of the postreform period, high baseline uninsurance county, and the interaction of these two indicators. In this model, the coefficient of the interaction term was interpreted as the reform-associated change in substance use disorder-related hospitalizations. Our model specification allowed for differential prereform levels and longitudinal trends in substance use-related hospitalization rates between high-versus low-uninsurance counties (Ryan, Burgess, and Dimick 2015) ; see Table 2a for the full model specification. For ease of interpretation, we expressed these changes as a percentage of the baseline hospitalization rate. Standard errors were adjusted for clustering of observations at the county level. As a sensitivity analysis, we estimated an alternative model specification obtained from the interrupted time series framework (Wagner et al. 2002; Garabedian et al. 2017 ); see Table S3 for details. To evaluate the appropriateness of the difference-in-differences specification, we tested the assumption of parallel trends to ensure that the prereform trends in the target and control groups were similar (Ryan, Burgess, and Dimick 2015; Garabedian et al. 2017) .
We also analyzed the sensitivity of our findings to utilizing only the principal discharge diagnosis (and not secondary discharge diagnoses), and we performed all of the above-mentioned analyses based on this subgroup of discharges. These sensitivity findings are reported in Tables S4-6 and Figure S1 . The Boston University Medical Campus IRB approved this study. We did not suppress any results due to small cell size. All statistical analysis was performed using the STATA statistical package, Version 14. Table 1 shows the demographic characteristics of the entire study population (373,751 MA discharges with a primary or secondary substance use disorderrelated diagnosis), as well as characteristics of the populations being compared (adult discharges age 18-64 residing in counties with high versus low rates of uninsurance during the prereform period). Slightly over half of all discharges were alcohol use disorder-related; most drug use disorder-related discharges were opioid related.
RESULTS
Population-based rates of substance use disorder-related hospital discharges increased in all groups after MA health reform (Table 2; Figure 1) . Prereform, the number of drug use-related and alcohol use-related discharges per 1,000 population were 7.21 and 8.87, respectively, in high-(baseline) uninsurance counties, and 8.58 and 9.63 in low-uninsurance counties. In high uninsurance counties, drug use disorder-related discharges rose by 3.0 percent, and alcohol use disorder-related discharges rose by 3.8 percent. In low-uninsurance counties, drug use disorder-related discharges rose by 9.9 percent, and alcohol use disorder-related discharges rose by 2.8 percent.
After adjusting for prereform differences in discharge rates, both in levels and trends, between high-and low-uninsurance counties, MA health reform was associated with a nonsignificant reduction in drug use-related discharge rate by 0.75 (95 percent CI À1.78 to 0.27), amounting to 10.5 percent reduction, and a nonsignificant increase in alcohol use-related discharge rate by 0.06 (95 percent CI À0.98 to 1.1), amounting to 0.7 percent increase ( Table 2 ). The tests of parallel trends indicated that difference-in-differences specifications were appropriate for both cohorts; that is, prior to reform, the longitudinal change in drug and alcohol use disorder-related hospitalizations was similar between the two groups (Table S2) .
Alternate model specification using an interrupted time series framework also indicated no significant change in drug use-related and alcohol use-related discharge rates associated with reform (Table S3 ). For alcohol use-related discharge rates, our findings did not change when we limited the analysis to discharges identified using the principal discharge diagnosis.
However, for drug use-related discharge rates, the findings varied across the two models estimated (Tables S4-6 ). Specifically, MA health reform was associated with a statistically significant reduction in drug use-related discharges Overall change is the % change between prereform and postreform discharge rates. **Change in discharge rate associated with MA health reform is given by b 3 estimate. Using prereform rate as the baseline, the change is expressed in % terms. using difference-in-differences estimates (Table S5b ), but not in the interrupted time series model (Table S6b) .
DISCUSSION
Substance use disorder-related hospitalizations increased from 2004 to 2010 in MA. We did not observe a differential change in rates of substance use disorder-related hospital discharges in comparisons according to county level of uninsurance prior to reform. We suspect this is the case because individuals could have moved across counties to obtain needed services, given the small number of hospitals in the state and their concentration in urban areas (e.g., in Boston, Worcester, and Springfield, MA, USA). In addition, most addiction treatment is supported by direct public funding and not insurance (Stewart and Horgan 2011) . Thus, access to treatment may depend more on availability than insurance. Finally, persons with addiction may be prompted to enter addiction treatment in the setting of a crisis, such as a hospitalization. Expanding health insurance alone may not alter this path to addiction treatment. Even though access to drug treatment improved over the study period, we did not observe a significant decrease in drug use-related hospitalizations. According to state-level data from the National Survey of Substance Abuse Treatment Services (N-SSATS) (SAMSHA 2006) in MA, the number of clients in drug use disorder treatment rose over the study period, from 246 per 100,000 population in 2005 to 278 per 100,000 population in 2009. In contrast, the number of clients in alcohol use disorder treatment over the same period was virtually unchanged, from 104 per 100,000 population in 2005 to 105 per 100,000 population in 2009 (SAMSHA 2006) . Individuals with health insurance yet no access to alcohol use disorder treatment could be at risk for alcohol use disorder-related hospitalizations. Similarly, in theory, those receiving drug use disorder treatment could avert an inpatient hospitalization related to drug use disorders. For patients with drug use disorders, addiction treatment has been associated with lower rehospitalization rates (Laine et al. 2001) and emergency department use (Laine et al. 2005) . However, we did not observe this.
Our findings for changes in substance use disorder-related hospitalizations following MA health reform contradict one prior study in this area. The Meara study of adults age 19-25 found relative reductions in all substance use disorder-related medical hospitalizations in MA compared to other states (Meara et al. 2014) . It is possible that our findings differed from Meara et al. (2014) because we examined a broader age group, those age 18-64. The Capoccia study did not find increased access to substance use disorder treatment in the immediate 24 months after MA health reform (Capoccia et al. 2012) , which is consistent with our findings. In our study, we looked at 18 months after MA health reform, a period when access to drug use disorder treatment may have been expanded. Further studies that include medical, psychiatric, and addiction hospitalizations, a longer time window, and more detailed data about other contributing factors are needed to demonstrate the mechanisms by which health insurance expansion affects substance use disorder-related hospitalizations. One possible explanation for the increase in substance use disorderrelated hospitalizations across all groups we studied is reduced access to inpatient mental health care. During the postreform period (Oct 2008 -Sept 2012 , the MA mental health budget was cut by 8.1 percent (Honberg et al. 2011) . And, over the study period, the state of MA experienced a 31 percent reduction in the number of public psychiatric hospital beds (Treatment Advocacy Center 2013) . We speculate that many individuals with mental illness and concomitant substance use disorders, but now without access to inpatient psychiatric care, may have been admitted to medical hospitals due to medical manifestations of untreated psychiatric symptoms that would have otherwise been addressed through inpatient psychiatric care.
Our study adds to-and expands-the prior literature in several ways. We examine changes from the pre-to postreform period in numbers of medical and surgical hospitalizations in MA where substance use disorderrelated conditions are the primary or secondary diagnosis (e.g., a hospitalization for pneumonia where a substance use disorder is a secondary diagnosis), whereas prior studies (Meara et al. 2014) have only included primary substance use disorder diagnoses. In our dataset, approximately one-fifth of substance use disorder-related discharges had a substance use disorder-related diagnosis as the primary diagnosis. By including all discharges with a primary or secondary diagnosis of a substance use-related condition, we are examining the universe of discharges that may have been affected by substance use disorders. It is possible that observed changes in the rate of discharges with a secondary substance use disorder-related diagnosis could be driven by changes in access to care for the primary, medical diagnosis. However, our prior work suggests that MA health reform had little effect on reducing admissions for a number of medical conditions (Lasser et al. 2014; McCormick et al. 2015) . Further, in sensitivity analyses limited to hospitalizations with substance use as a primary diagnosis, with one exception (drug use-related discharges using difference-in-differences estimates), our findings did not change.
Our analyses utilize more recent data than prior studies, through 2010. Our study has several limitations. We did not have data on mediating variables along the causal chain between availability of insurance and hospitalizations with substance use disorder-related diagnoses. Such mediating variables include utilization of outpatient or inpatient addiction treatment. Thus, we cannot determine whether a lack of access to care prevented substance use disorder-related hospitalizations from declining in MA. We also lacked data on other mediating variables such as whether primary care providers in some communities accepted the newer forms of health insurance in MA. We cannot separate the effects from the two different changes (substance use treatment funding increases and insurance coverage expansion) that took place during the study period. In addition, our findings may not be generalizable to other states that have implemented insurance expansions. Knudsen (2015) has shown that there are large regional differences in access to substance use disorder treatment, particularly in the supply of physicians waivered (e.g., permitted) to prescribe buprenorphine for the treatment of opioid use disorders. MA, with 18 buprenorphine-waivered physicians per 100,000 residents in 2013, has a much greater supply of waivered physicians than other states. Physicians with training to prescribe and administer Schedule III, IV, or V drugs for the treatment of addiction or detoxification must obtain a waiver from the Substance Abuse and Mental Health Services Administration (SAM-SHA) to prescribe buprenorphine. Although these data do not correspond to the study period of our paper, they suggest that it is possible that a state could expand insurance coverage, yet have inadequate physician supply to treat newly insured individuals with substance use disorders. This, in turn, could result in persistently high rates of substance use disorder-related hospitalizations.
Conclusions and Policy Implications
We have shown that in a state with a low baseline uninsurance rate, a health insurance expansion was associated with no significant changes in hospitalizations related to substance use disorders in county-based comparisons. Further research is needed to determine how to reduce substance use disorder-related hospitalizations, beyond expanding insurance coverage.
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